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A further  deck  landing  assessment 
and  Initial  carrier  trials. 
General  handling. 

Summary 

Measurements  of  stick  fore-  per  1 stick  force  in  turns  and  stick 
force  and  acceleration  in  out  of  trim  dives  have  been  made  at  low  altitude 
on  Sea  Balliol  T.  Mk. 21  VR. 399. 

The  stick  force  per  ' g ' at  low  altitude  was  within  the  limits  laid 
down  by  AP. 970  at  speeds  up  to  125  toot:  I.A.S.  at  tho  practical  forward 
C.G.  and  250  toots  I.  A.  S.  at  tho  aft  C.G.,  exceeding  the  upper  limit  at 
higher  speeds.  Pilots  considered  that  although  the  results  were  in  some 
cases  above  the  limits,  the  elevator  loads  were  not  excu*ssivo  in  manoeuvres. 

The  out  of  trin  dives  up  to  the  limiting  speed  were  satisfactory  in 
that  they  were  within  the  AP.  970  limit,  except  above  310  kts.  I.  A.  S. , 
when  the  elevator  force  at  the  practical  forward  C.G.  exceeded  the  limit 
and  above  320  knots  I.A.S.  at  the  aft  C.G.  limit  with  external  stores. 

Application  of  the  proposed  new  stick  force/' g'  requirements  of  AAEE/ 
Res/270  'would  permit  the  aft  C.G.  limit  to  be  extended  if  necessary,  to 
36.0$  S.1I.C.  undercarriage  up,  and  such  a C.G.  would  also  be  satisfactory 
from  the  point  of  view  of  out-of-trim  dives. 

This  Report  is  issued  with  tho  authority  of 
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1 . Introduction 

Handling  trials  wo rc  required  to  bo  iafi.de  on  Sc-.  Bnlliol  T.  Ilk.  21  VR.  539 
at  this  Establishment  to  obtain  a C.S.  (a)  release  for  the  aircr'ift.  The 
tests  consisted  of  check  handling  trials  to  bo  compared  vath  the  Balliol 
T RDc.  2 which  had  already  been  proved  and  found  to  be  accept  able. 

Part  of  these  tests  consisted  of  measuring  stick  force  per  'g1,  stick 
force  in  turns  and  stick  force  and  acceleration  on  release  of  the  stick  from 
out  of  trim  dives,  at  various  loadings.  The  results  of  these  tests  form  the 
subject  of  this  part  of  the  Report. 


2.  Condition  of  aircraft  relevant  to  tests 

1.1  General.  The  .aircr-ft  •..•as  a.s  described  in  the  2nd  part  of  this 
Report  but  for  ease  of  reference  certain  details  relevant  to  tests  are 
repealed  below. 

2.2  Airframe  limitations.  The  following  limitations  have  been  extracted 
from  R.  D.  (A)  Form  1 3 dated  1 8. 12.52: - 

Maximo..-,  porrd.  sible  speed  350  knots  I. A.S. 

Maximum  permi  sable-  accelerometer  reading 
at  a weight  of  6950  lb.  5g  x 

2.3  Details  of  tvilplane  and  elevator.  The  tailplane  elevator  raid 
trimming  tabs  were  met'  1 covered  -rid  thor-  was  ■ snal  1 horn  balance. 


2.4  Lcndin-s.  The  tests  vr.ro  carried  out  at  the  following  take-off 
loadings: - 


Load in r 

Take-off 

C.G.  position  in  inches  aft  of 

datum  and  $SMC 

So. 

weight 

Und  ore*'  rri°. £0  dov/n 

Under carri 

n£e  up 

Remarks 

lb. 

Inches 

f.r.  c. 

Inches 

•:?s.  m.  c. 

1 

8,970 

31.2 

29.6 

31.1 

30.1 

Practical  fwd. 
limit. 

2 

8,695 

31.1 

34.0 

31.6 

31.3 

Aft  limit. 

3 

9,120 

31. 4 

34.0 

31.6 

51.3 

Aft  limit  with 
external  store 

The  design  C.G.  r-nge  was  from  27.5  ins.  to  31*1  ins.  aft  of  datura  (i.  e. 
25.0£o  to  34.0,'s  S.K.C. ) undercarriage  down. 


The  external  stores  carried  for  loading  3 were  8 x 25  lb.  flash  bombs 
under  the  wings. 

2.5  Instrumentation.  All  readings  quoted  in  this  Report  were  obtained 
visually  by  pilots  from  calibrated  instruments.  These  vere;- 


Gross  .area,  tailplane  and  elevator 

Gross  area  of  elevator 

Area  aft  of  hinge  line 

.'ere a of  hem  forward  of  hinge 

Area  forward  of  hinge  (exclu.in-  horn, 

Area  of  tabs  aft  of  hinge  (tw  ) 

Elevator:  stick  gear  in  • 

Elevator  travel 
Elevator1  tab  travel 


51 .4  sq.ft. 

11.14  sq.ft,  per  side. 
9.43  sq.ft,  per  side. 

0. 77  sq.ft,  per  side. 
1.26  sq.ft,  per  side. 

1 . io  sq.ft. 

0.235  rads/ft. 

24.7°  up  12  ,f  down 
6.9U  up  3*9°  down 


A.S.  I.  4 

Altimeter 

Kollsman  accelerometer 

Stick  force  dosynn.  4 


x This  is  tiie  maximum  norr.r.l  acceleration  attained  during  Contractors  tests 
at  a weight  of  8,600  lb.  It  should  bo  noted  that  the  design  maximum  normal 
.acceleration  for  this  aircraft  (n-) ) is  6, 7g- 
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3.  Scope  of  tests 


3.1  Elevator  stick  force  and  normal  accelerations  were  measured  in 
accordance  with  the  technique  of  R.A.E.  Report  Aero  2223  in  pull  outs  from 
straight  trimmed  flight  at  heights  betweon  3,000  .and  5,000  ft. 

The  tests  wer  carried  out  over  the  speed  range  85-335  knots  I.  A.  S. 
and  the  pull-outs  made  at  accelerometer  readings  varying  from  1 . 6g  at  low 
speeds  to  3.5r  at  high  speeds.  Tests  were  made  at  loadings  1 and  2. 

3.2  Elevator  stick  force  and  accelerometer  reading  were  measured  in 
steady  turns  at  constant  speed  from  trimmed  level  flight  at  5,000  ft.  at 
speeds  between  90  and  200  knots  I.  A.  S.  Tests  were  made  at  loading  1 and  2. 

3.3  -levator  stick  force  in  out  of  trim  dives  and  accelerometer 
readings  on  release  of  the  stick  wore  measured  up  to  a speed  approaching 
the  limitin’*  3peed.  The  tests  wore  made  with  the  aircraft  trinmed  for 
level  flight  at  175  knots  I. A.  S.  (i.e.  half  limiting  diving  speed). 

These  *ests  were  made  at  both  loadings  1 , 2 and  3. 

4.  Results  of  tests 

4.1  Stick  force  per  V1.  The  aircraft  'was  trimmed  .at  various  speeds 
over  the  speed  range  covered,  uein.~  maximum  continuous  cruising  power  i.e. 
2100  r.p.m.  + 4 lb/ to. in.  boost.  Undercarriage  and  flaps  we re  up,  airbrakes 
in  and  the  radiator  flap  set  nt  "auto".  Values  of  stick  force  per  ’g’ 
obtained  from  these  pull  outs  are  shown  in  Pig.  1 plotted  against  indicated 
airspeed  in  knots. 

The  s.icK  force/’ g’  for  this  .aircraft  varied  linearly  at  both  C.G. ’s  at 
which  tests  were  made,  rath  indicated  airspeed.  At  the  practical  forward 
C.G.  the  stick  force/ 1 g 1 varied  linearly  from  11  lb/’g’  at  100  knots  I. A. S. 
to  22  lb/ 1 1 1 at  335  knots  I. A.  S.  and  at  the  eft  limit  varied  linearly  from 
6 lb/’g’  at  120  knots  I. A. S.  (the  lowest  speed  tested,  at  this  loading)  to 
15  lb/1  r'  at  3 20  knots  I. A. S.  (the  highest  speed  tested).*  -By  reference  to 
Pig.  1 it  can  be  seen  that  at  the  rfi  C.G.  the  stick  force/’ g’  '.was  of  the 
order  of  6 lb/ ’ ■* ’ less  than  *t  the  practical  forward  C.G.  Rough  checks  of 
the  stick  force/’  *’  were  made  with  flaps  and  undercarriage  down,  airbrakes 
out,  power  off,  at  both  C.G. 's.  These  results  have  not  been  plotted  in  Pig. 1 
but  the  few  points  obtained  indicated  th'-t  these  results  also  increased 
linear l”  for  both  C.G. ’s  but  are  some  1-2  lb/’r’  higher  over  the  speed  ranr,e 
125  - 250  knots  I.A.S. 

4.2  Stick  forcer  in  turns.  The  aircraft  w*s  trimmed  in  level  flight  at 
various  speeds  and.  aircraft  configurations  as  detailed  in  the  table  given 
below.  A steady  turn  ’..'as  then  made  and  1 .e  stead;,*  airspeed,  accelerometer 
reading  and  stick  force  to  maintain  conditions  recorded.  There  was  little 
difference  in  the  stick  force  required  for  similar  turns  in  either  direction. 


Trimmed  flight 
conditions 

Accelero- 
meter 
reading  Vg’ 

Elevator 
stick  force 
lb.  null. 

Direction 
of  turn. 

Remarks 

120  tacts  I.A.S.  Power  2650 
rpm  + 7 lb/sq.in.  boost 
Flaps  .and  underc’-rriage  up. 

1.8 

1.8 

7 

7 

Turn  "port 
Turn  stbd. 

150  knots  I.A.S.  Power  2000 
rpm  + 2 lb/sq.in.  boost. 
Flaps  and  undercarriage  up. 

2.4- 

2.4 

10 

121 

Turn  port 
Turn  stbd. 

200  taots  I.A.S.  Pov/er  3000 
rpm  + 9 lb/sq.in. boost  i.e. 
operation.' 2 necessity  power. 
Flaps  and  undercarriage  up. 

2.8 

2.8 

18 

19*| 

Turn  port 
Turn  stbd. 

120  taots  I. A.  S.  Power  off. 
Flaps  and  undercarriage  up. 

2.0 

2.0 

k 

U rO 
O -P 

II 

Full  port 
rudder  trim 
required  +10 
lb.  foot  fore 

90  knots  i.A.  8.  Power  2630 
tarn.  0 boost 

Flaps  and  underca-riagc  eowr 

I:1: 

Very  slight 
pull  force  , 
'■  'prox.  2-3!l.) 

Turn  port 
Turn  stb  . 

Shuddering 

Occurred. 

4.3  Out  of  trim  divert.  Thu  aircraft  was  trimmed  in  level  flight  at 

5,000  ft.  at  half  the  limitin''  divine  speed  (i.o.  175  knots  l.A.S.  ) with 
flaps  and  undercarriage  up,  airbrakes  in  and  radiator  flap  set  at  "auto". 

The  aircraft  vma  climbed  to  a sufficient  height  above  the  test  huiaht  and 
then  put  into  a dive  until  the  required  speed  was  reached  at  about  the  test 
height;  the  stick  force  to  hold  this  steady  speed  being  recorded.  The  stick 
was  released  at  the  tost  height  and  the  accelerometer  reading  noted.  As  in 
previous  tests  on  Balliol  aircraft  difficulty  vans  experienced  in  achieving 
the  higher  speeds  even  in  prolonged  steep  dives  and  in  fact  the  design  speed 
of  350  knots  l.A.S.  was  not  rcsche.1. 

The  following,  table  gives  the  results  of  the  tests  and  plots  of  stick 
force  V l.A.S.  knots  and  accelerometer  reading  V l.A.S.  knots  are  shown  in 

Fig.  3. 


Loading 

Trim  settings 

Stick  force 
lb.  push 

175 

6 

1.0 

Mo.  1 Practical 

21  o 

Ele-v.  neutral 

10 

1.5 

Forward  "Limit. 

250 

1b 

1 .6 

2c0 

Aileron:  neutral 

24 

2.3 

295 

33 

2.6 

31b 

Rudder:  1.6  div.  stbd. 

39 

3.0 

325 

41 

3.1 

175 

0 

1.0 

No.  2 Aft  Lim.t 

200 

uk 

1.15 

220 

Elov:  0.5  uiv.  11.  i>. 

7 

1 .25 

2R0 

14 

1 .c 

260 

Aileron:  1.4  div.  stbl 

16 

2.0 

260 

20 

2.4 

300 

Ruuder:  1.4  -live.  stb-. 

30 

320 

30 

340 

30 

200 

44 

1.4 

216 

Ele-v:  c,5  V.  I, 

1.6 

No.  3 Aft  limit 

235 

13 

1.9 

with  external 

255 

Aileron:  w .iiv.  port 

14  - . 

2.3 

stores. 

273 

24 

2.5 

255 

Ru  lor:  2 Jivs.  stbd. 

2c  2 

3.4 

315 

33 

3.9 

335 

37 

4.0 

Recovery  was  quite  straight  ferwar?  at  5,000  ft. 
5.  Discussion 


5.1  Stick  force  per  ' n ' 

5.1.1  Cerieral . It  is  emphasised  that  in  the  stick  force/' g1  tests 
recorded  in  this  Report,  "time-histories"  of  the  pullouts  were  not  obtained 
as  is  the  normal  practice  of  this  Establishment,  the  results  being  based  on 
pilots  readings  of  a stick  force  desynn  and  a Kollsman  accelerometer, 
however  a fairly  large  number  of  points  were  obtained  at  each  C.G. 

The  C.G.  range  for  the  Sea  Balliol  is  more  aft  than  the  range  that  was 
covered  by  this  Establishment  in  measurements  of  stick  force/' g1  on  a 
Balliol  'Ik.  2 (ref.  18th  part  of  Report  No.  AAEh/652).  However  the  .practical 
forward  C.G,  used  for  tho  trials  on  the  Sea  Balliol  (i.  e.  30. 1/  S.Iu.  C.  u/c  up) 
was  approximately  comparable  with  the  aft  C.G.  (i. e.  30.44>  S.2.I. C.  u/c  up) 
used  during  the  tests  on  a Balliol  Mk. 2.  It  can  be  seen  that  from  these 
results  the  stick  force/'g1  is  appreciably  higher  on  the  Sea  Balliol. 

Ko  reason  for  such  a difference  is  known  since  no  changes,  aerodynamically, 
have  been  made  to  the  Sxi  Balliol  1.2:.  21  compared  with  the  Balliol  ilk.  2 which- 
would  be  expected  to  effect  the  stick  force/- p'  (it  will  be  appreciated  that 
the  spring  inserted  in  the  Sea  Balliol  ..He.  21  's  elevator  circuit  should  have  no 
effect  on  a const.' mt  speed  manoeuvre  such  us  a stick  force/' g'  test  other  than 

Any 


any  small  change  in  hinge  moments  from  the  now  tab  angle. ) More  detailed 
tests  using  a continuous  recording  were  not  considered  justified  since 
pilots  did  not  consider  the  elevator  stick  loads  to  be  excessive  in  manoeuvres. 

The  results  obtained  on  the  Sea  Balliol  Mk.21  are  discussed  below  in 
relation  to  AP.  570  requirements  said  the  proposed  new  requirements  of  Report 
No.  juiEE/Res/270  bearing  in  irdnd  the  above  discussion. 

5.1.2  Compliance  wit',  requirements.  The  AP.970  requirements  for 
stick  forces  states  that  the  force  to  obtain  the  design  value  of  n-j  g shall 
be  between  3.5  (14  - n-j)  and  9.5  (14  - n-j).  The  value  of  n-j  for  the  Sea 
Balliol  was  6.7  g giving  stick  forces  of  25/  and  69y  lb.  or,  in  terms  of  stick 
force/'®’,  4.5  and  12.2  lb/’g'. 

As  vri.ll  be  seen  by  reference  to  Rig.  2 the  results  at  the  practical 
forward  C.G.  were  within  these  AP.  970  limits  up  to  about  125  knots  I.A.S. 
but  exceeded  the  upper  limit  above  this  speed,  and  at  the  aft  C.G.  limit  the 
results  met  these  limits  up  to  a speed  of  250  knots  I.A.S.  but  above  this 
speed  also  exceeded  the  upper  limit. 

Also  included  in  Pig. 2 are  curves  giving  the  lower  and  upper  limits  of 
stick  force/' g'  derived  from  the  cug rested  new  requirements  of  AAEE/Res/270. 

i.  e. 


(a)  in  the  region  where  available  lift  is  insufficient  to  permit  n-jg 
to  be  readied  (i.o.  -at  low  speed')  a lower  limit  of  stick  force 
corresponding  to  3 lb/'g ' . 

(b)  at  higher  speeds  than  in  (a)  a lower  limit  of  stick  force  as 
already  in  AP.  97°  i.e.  J.  5 (14  - n.j)  and  an  upper  limit  of 
6.5  (14  - n-j)  i.e.  for  the  Sea  Balliol  47b  lh.  (C. 3 lb/'g’). 

In  producing  these  curves  kne  .lodge  of  the  stalling  speed  in  equivalent 
airspeed  is  strictly  necec-arj  since  Vs  j/n-j  is  the  speed  at  which  condition 
(a)  above  is  replaced  by  condition  ( o) . Tlis  information  is  not  available 
for  the  Sea  Balliol  since  pressure  error  tests  have  not  been  made  to  the  stall. 

A stalling  speed  of  65  knots,  flaps.  • ni  undercarriage  up,  has  therefore  been 
assumed  (bearing  in  mind  the  higher  power  settings  which  need  to  be  considered 
in  connection  with  stick  force/ 'g'  tests).  It  ..ill  be  appreciated  that  the 
actual  value  of  stalling  speed  assumed  is  not  critical  in  the  present  connection 
since  variation  of  this  '.ri.ll  merely  sliift  to  a rather  higher  or  lower  speed 
the  changeover  point  from  condition  (a)  (0). 

It  will  be  noted  that  on  the  assumption  made,  and  also  assuming  that 
stick  force/1®'  continues  to  vary  linearly  with  speed  at  lower  speeds  than 
those  tested, the  stick  force/'®'  at  the  aft  C.G.  "(34 .3/  S.JI.C.  ) would  be  3 lb/ 
'g'  at  about  the  stalling  speed  assumed,  thus  meeting  precisely  the  proposed 
new  lower  limit  for  the  region  where  wing  lift  is  inadequate  to  produce  n-jg. 
Clearly  however  it  was  not  intended  that  this  new  low  limit  should  apply  right 
down  to  the  flaps  and  undercarriage  up  stall,  but  only  in  regions  of  speed  where 
the  aircraft  will  need  to  be  manoeuvred.  It  is  considered  that  the  spirit  of 
the  new  proposal  would  be  met  by  working  to  it  at  the  lowest  speed  at  which 
the  aircraft  would  be  expected  to  be  manoeuvred  frequently  i.e.  the  climbing 
speed.  This  is  120  knots  I.A. S.  up  to  6,000  ft.  reducing  by  2 knots  per  1000 
ft.  thereafter.  Assuming  therefore  a mean  climbing  speed  of  110  knots  I.A. S. 
a stick  force/ ' g ' of  3 lb/'g'  would  be  adequate  at  this  speed.  In  fact  the 
figure  at  tliis  speed  at  the  aft  C.G.  tested  is  5 lb/'g',  and  thus  stick  force 
/'g ' characteristics  would  be  satisfactory  at  rather  more  aft  C.G. 's  than  34.3/ 
S.M.C.  If  the  variation  of  stick  force/' g'  with  C.G.  position  is  linear,  the 
aftmost  acceptable  C.G.  position  from  this  point  of  view  would  be  36. C/  S.  M.  C. , 
thus  giving  scope  for  aftward  C.G.  movement  with  further  development  of  the 
type  providing,  of  course  that  other  aspects  of  handling  remain  satisfactory. 

This  is  in  fact  the  case  - see  tho  2nd  port  of  this  Report. 
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A further  possibility  is  that  by  exploiting  these  further  aft  C.G. 's 
by  fitting  rear  ballast  the  general  level  of  stick  force/' g'  could  be  lowered 
immediately  to  some  extent  (giving  at  the  practical  forward  C.G.  of  30.1/ 

S.M.C.  a reduction  from  21  li./'g1  to  19  Ib/'g'  at  the  Service  limiting  speed 
of  320  knots  I.A.S. );  however  since  pilots  did  not  consider  that  the  loads 
on  the  elevator  were  excessive  in  manoeuvres,  this  may  not  be  worthwhile. 

It  may  be  noted  that  even  with  the  aft  shift  of  C.G.  discussed  in  the 
last  paragraph  the  stick  force/' g'  at  the  practical  forward  O.G.  is  further  •, 

outside  the  proposed  new  requirements  than  it  was  at  the  present  practical 
forward  C.G.  in  relation  to  the  AP.  970  requirements.  It  may  be  noted  also 
that  even  at  aft  C.G, 's  the  range  of  speed  at  which  the  stick  force/' g'  values 
are  within  requirements  is  considerably  reduced  by  application  of  the  new 
proposals. 

5.2  Stick  forces  in  turns.  The  stick  forces  in  turns  increased 
progressively  with  acceleration,  and  there  was  no  tendency  to  tighten  up  to 
the  normal  accelerations  used  in  these  trials.  In  fact  the  t*sts  showed 
similar  characteristics  as  found  on  previous  Balliol  aircraft.  As  stated  in 
para.  5.1.2  pilots  did  not  find  the  forces  too  heavy. 

5.5  Out -of -trim  dives.  The  AP.  970  requirements  for  out  of  trim  dives 
for  the  Sea  Ealliol  'ire  that  "the  elevator  control  force  should  increase  with 
speed  and  at  the  design  speed  (i. e.  550  toots  I. A.  S.  ) should  be  a push  force 
of  less  than  55  lb.".  From  the  results  obtained  it  appears  that  these 
requirements  should  be  met  for  the  aft  C.G.  without  external  stores,  but  at 
both  the  practical  forward  C.G.  and  the  .aft  C.G.  with  external  stores  the 
requirement  is  exceeded  above  3'I0  toots  I.  A.  S.  and  32 0 toots  I.A.  S.  respectively. 

It  should  be  noticed  however  that  't  the  limiting  speed  for  Service  use  of  320 
toots  I. A. S.  the  maximum  force  involved  even  at  the  practical  forward  C.G.  is 
not  greatly  in  excess  of  35  lb.  (i.u.  40  lb.).  *J.3o  required  by  AP.  970  is 

"that  on  release  of  the  control  column  the  normal  acceleration  shall  not  exceed 
the  design  normal  acceleration".  This  requirement  was  met  at  all  three  loadings 
up  to  the  maximum  speed  tested. 

It  may  be  acted  that  all  these  tests  were  made  with  the  radiator  flap  in  i, 
"auto";  it  is  known  however  that  operation  of  this  flap  has  liatle  effect  on 
longitudinal  characteristics. 


With  reference  to  the  'discussion  in  para.  5.1.2  above  on  stick  force/'g' 
and  the  possibility  of  using  C.G,  positions  beyond  the  present  aft  limit  it 
may  be  noted  that  brief  out-of-triui.  dive  tests  were  reported  in  the  31  st 
Part  of  AAEE/652  on  a Balliol  Mk. 2 with  a spring  in  the  elevator  circuit,  and 
otherwise  in  similar  configuration  to  the  Sea  Balliol,  and  showed  that  this 
characteristic  was  satisfactory  at  least  as  far  aft  as  37. 3/  S. M. C.  under- 
carriage up. 

6.  Conclusions 


The  stick  force  per  'g'  at  low  altitude  was  within  the  limits  laid  down 
by  AP.  970  at  speeds  up  to  125  toots  I.A. S.  at  the  practical  forward  c. g. 
(30.1/&  S.l.LC.  ) and  250  knots  I.A.S.  at  the  present  aft  C.G.  (34.3^  S. M.  C.  ) 
exceeding  the  upper  limit  at  higher  speeds. 

Pilots  considered  that  although  the  results  were  in  some  cases  above  the 
limits  the  elevator  loads  were  not  too  excessive  in  manoeuvres. 


The  out  of  trim  dives  up  to  the  limiting  speed  were  satisfactory  in 
that  they  were  v/ithin  the  AP.  970  limit,  except  above  310  knots  I.AS.  when 
the  elevator  force  at  the  practical  forward  C.G.  exceeded  the  limit,  and 
above  320  toots  I.A.S.  -at  the  aft  c.g.  limit  with  external  stores. 


Application  of  the  proposed  new  stick  force/'g'  requirements  of  AAfiE/Res/ 
270  would  per-  it  the  aft  C.G.  limit  to  be  extended, if  necessary,  to  36. 0$ 

S.M.C.  unaerc-orriage  up,  and  such  a C.G.  would  also  be  satisfactory  from  the 
point  of  view  of  out -of -trim  dives. 
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